study has been made of Thiobacillus ferrooxidans secured from the acid drainage of some northern West Virginia coal mines. Cultures isolated from ferrous iron agar and then subcultured for 85 consecutive transfers in thiosulfate broth during a period of 14 months were able to use ferrous iron as their energy source when returned to ferrous iron broth.
Thiosulfate utilization was quantitatively followed by iodine titration and pH change; ferrous iron oxidation was quantitatively determined by use of 1, 10-phenanthroline.
Characteristic colonial forms were produced by T. ferrooxidans growing on thiosulfate agar irrespective of whether the inoculum was from iron broth or thiosulfate broth. Colmer and Hinkle (1947) reported that the acid drainage of some bituminous coal mines always had present the well-known sulfur oxidizer, Thiobacillus thiooxidans. They also found in this type of drainage a new organism which could bring about the oxidation of ferrous iron characteristically present there.
Later work by Temple and Colmer (1951) established the true autotrophicity of this iron oxidizer. Colmer, Temple, and Hinkle (1950) described certain morphological and cultural characteristics of the organism and reported that it could oxidize Na2S203 as an alternate energy source. In view of the characteristics displayed by the organism, it was placed in the established genus Thiobacillus and was given the specific epithet ferrooxidans.
Other workers who isolated autotrophic bacteria which could use ferrous iron as an energy source were unable to show the use of Na2S203
as an alternate energy source, and raised the question as to the ability of our organism to do so (Leathen and Braley, 1956 Isolation of the iron-oxidizer using ferrous iron media. Two procedures were used to get cultures of the iron oxidizer that would utilize thiosulfate. In one method, a drop of the amber fluid from a 3-or 4-day-old flask of the iron medium containing the iron oxidizer was placed upon the hardened surface of a freshly poured thiosulfate agar plate, and then streaked over the surface of the agar so that isolated colonies developed.
The second, and more commonly used, method made use of a stereoscopic wide-field microscope and microneedle to transfer the small, ambercolored colonies directly from the iron-agar plate into tubes of the thiosulfate liquid medium. Since the colonies on the iron agar are quite small, the thiosulfate medium was in small (13 by 70 mm) test tubes containing 1 ml of medium. These tubes were incubated at room temperature (25 to 30 C) until growth was present, as evidenced macroscopically by their turbidity and microscopically by observing the cells in a wet mount made from the liquid. These tubes could then be used as the source inoculum of the thiosulfate oxidizer or, if desired, they in turn could be used to streak the thiosulfate agar to produce the characteristic "frosty" colonies.
Tests to demonstrate thiosulfate utilization. (i) A hardened plate of sterile thiosulfate agar had one-half of the agar removed with a sterile spatula and the empty half filled with sterile fluid ferrous iron agar. Upon the completed plate, a loopful of a thiosulfate-grown culture was streaked from the thiosulfate agar side across the juncture of the agars and over the thiosulfate agar.
(ii) Twenty ml of a culture, which had had thiosulfate as an energy source since its isolation from an iron medium, were filtered through a Millipore filter, washed while still on the filter disc with sterile thiosulfate base medium, and then suspended in 10 ml of the same fluid; 1 ml of this cell suspension was used as the inoculum for four 1-liter flasks containing 250 ml of the complete thiosulfate broth. Two of the flasks were immediately steamed at 100 C for 10 min; these served as control flasks. All four flasks were placed on a shaker and examined at 6-hr intervals for pH and residual thiosulfate, the latter item being determined by titration with 0.01 N iodine solution and the former by means of a Beckman model G pH meter.
At the completion of the test a portion of the contents of one of the test flasks was passed through a Millipore filter; the disc containing the cells was then placed in a flask of ferrous iron medium and incubated at room temperature.
(iii) A culture similar to that described in the previous test, except that the cells had been grown on thiosulfate agar plates rather than in broth, was used. While on the Millipore disc, they were washed with sterile mineral base medium and then suspended in another portion of the same fluid.
One set of flasks containing the ferrous iron medium was inoculated with 1 ml of the cells;
another set of flasks was inoculated with 1 ml of cells which had been heated at 100 C for 10 min. All flasks were incubated on a shaker at 25 C. The ferrous iron content of the flasks was 
RESULTS AND DISCUSSION
The thiosulfate-grown cells had been grown in thiosulfate broth with 85 successive transfers in a 14-month period; the ferrous iron-grown cells had never been subjected to thiosulfate since their original isolation. Cells of the same inoculum, irrespective of the medium in which they had just been grown, can utilize either ferrous iron or thiosulfate without a prolonged period of growth on the alternate energy source (Fig. 1) .
The turbid area at the juncture of the two agars disappears as the growth on the iron side becomes more profuse. It is suggested that this turbid area is due to the high iron content of the iron agar interacting with the high phosphate content of the thiosulfate medium. Figure 2 shows the type of growth produced by T. ferrooxidans when streaked on thiosulfate agar to produce isolated colonies. Here the colonies are 21 days old and show the characteristic "frosty" growth, a distinctive cultural property of the organism.
A photomicrograph made of "frosty" colonies with transmitted light demonstrated the thin, spreading edge of the colonies and their characteristic center (Fig. 3) . When a plate of thiosulfate agar is inoculated with cells from a culture grown in ferrous iron broth, this growth pattern is sometimes not as pronounced.
Irrespective of the original inoculum, however, the colonies which do develop in the thiosulfate agar can be transferred into either thiosulfate broth or ferrous iron broth, and in each liquid bring about the end products characteristic of the organism growing in that substrate. Because we are dealing here with small colonies as the source of the cells, rather than a liquid inoculum, the criticism of Leathen and Braley (1955) In this and the previously reported study turbidity of the test flask was due primarily to (Colmer et al., 1950) , no use was made of such growth of the bacteria rather than due to purely inocula. Where a liquid inoculum was introduced chemical changes. Table 1 illustrates quantitatively the actions of thiosulfate-grown T. ferrooxidans when put into ferrous iron broth. The inoculum for the flasks came from a culture that had been serially subcultured for 2 years in thiosulfate broth and had not been exposed to ferrous iron since its original isolation.
From the results of the cultural tests shown in Fig. 1-3 and the biochemical tests shown in Fig. 4 (Kinsel, 1960) in regard to thiosulfate oxidation awaits further study.
